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1.2

SECTION 1

Introduction

General

This report was prepared by the Test Methods Subcommittee of the
Committee on Beryllium Metallurgy to establish standardized methods and
procedures for conducting mechanical property tests on beryllium. Such
methods are required in view of the characteristics of beryllium, which
make conventional test procedures difficult to apply. The data presented
are restricted to information which is well established and accepted,
but the report also identifies areas of testing controversy and high-

lights current technical needs in the testing area.

The report attempts to document recommended methods, based on a re-
view of the procedures used in a number of organizations. For various
reasons, many will want to deviate from these methods. To permit reliable
inter-comparisons between laboratories, standardized methods are needed;

and it is hoped that for this reason these methods will be adopted.

Application of Beryl)lium

As is now well known, beryllium has a number of very attractive
properties for structural applications. These include a high stiffness
to density ratio, in combinetion with low density, a good strength to
density ratio, useful mechanical properties to moderately high tempera-
tures, and high heat capacity. The material thus offers considerable
weight benefits, when compared with more conventional materials, for
structural applications where stiffness is important, for structures
which are lightly loaded and carrying primarily compressive loads, for
structures operating up to 1200°F, and for structures exposed to rapidly

changing he: ting conditions,

Dcspite these many advantages, beryllium hss not seen extensive
structur=! use for two principal reasons: high cost, and extreme plastic

anisotropy. The latter results in the lack of three dimensional ductility
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in sheet, extrusions, and forgings when these products have highly pre-
ferred textures, Neither of these problems has been completely scived,
nor is there promise of any immediate solution. Nevertheless, interest
in beryllium for structural applications is increasing rapidly. This
results partly from the large number of potential space applications,
where the cost can be completely justified by the weight saved, and as
the result of continuing improvements in the material manufacturing proc-
esses with more compatible designs. The latter has resuited in higher
strength levels, but more importan.ly, in a more uniform and reliable
product. Mechanical properties are more consistent and reproducible,
and there is no danger that fome sheets or Some areas in a sheet will

exhibit zero tensile ductility,

Beryllium Characteristics

The low ductility of beryllium can lead to premature and catastrophic
failures if it is not recognized snd accommodated in the design. The in-
ability of beryllium to accommodate large amounts of plastic strain is
due in part to its crystal structure, in part to the preferred orienta-
tion that is developed in the fabrication of rolled sheet, extrusions
and forgings, and in part to the presence of impurities. Another very
important factor contributing to premature failure is surface condition =--
surface defects and irregularities which may have little effect on more

ductile materials are known to exert a pronounced influence on beryllium,

The brittle behavior of polycrystalline beryllium can be directly
attributed to the small number of deformation mechanis—: that it exhibits
at low temperatures. For general deformation of a randomly oriented poly-
crystalline aggregate, it is generally agreed that each grain must exhibit
at least five independent modes of deformation to permit accomuodation of
strain from grain to grain, Slip on the basal planes can occur in three
directions, but only two of these are independent, The same holds true
for the {(1010) prism planes -- there are only two independent deformation

i

ing would provide a fifth mode, but the amount of deformation




attainable by twinning is small, and moreover, twinning leads to the
formation of cracks. Extensive slip on the basal planes eventually leads
to the formation of cleavage cracks, but basal slip in conjunction with
prism slip i3 necessary if three dimensional ductility is *to be achieved,
The real necd is for an additional slip mode, such as pyramidal slip.
Alttough pyramidal siip has recently been observed at room temperature

in s.agle crystais, ics role in the ductility of polycrystalline material

rex...ns tc be assessed,

wuaen preferreu orientations are present, significant amounts of
deformation can be achieved on a particular set of planes, usually the
(IOIU) prism planes. However, in such cases, strain is accommodated in
only one or two directions., With comnmercial sheet material in particular,
a oreferred oriencation with the basal planes parallel to the plane of
the sueet is readily formed and zero or near zero ductility in the thick-
ness directicn results. Such a material will show good elongation in
a standard tensile test but in a more complex stress state where thickness
direction flow is needed to satisfy constancy of volume, the material ex-
hibits relatively brittle behavior. PFurthermore, the thickness direction
Stcength is relavively low, so that limiting stress values in this direc-
tion are generally reached before the full axial strength can be developed,
Such is the case, for example, with wide sheets in tension or bending.
Contrar; to tue behavior of most structural materials, therefore, the
response of beryllium is dependent nct only on the applied stresgses, but
on the stress state and on the previous deformetion history. Consequently,
local stress raisers, such as poor surface finish, notches or cracks at
corners and edges, rivet and bolt holes, etc.,, became very important and

may control the strength of the component,

Status and Application of Mechanical Property Tests

In view of these characteristics of beryllium, the designer and
fabricator find the standard mechanical property test data insufficient,

since these do not completely describe material behavior. Furthermore,
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the tast results vary depending on how the tests are conducted, how the
specimens are finished, etc. Since a completely satisfactory mechanical
property test is not availabie for beryllium, recourse 13 made to either
the standard tensile test such as is used for other metallic materials,
or to other simple tests which attempt to produce more complex stress
states. Typical of the latter is the bend test by a three- or four-point
loading system, in which a kiown bending mcoment is imposed on a strip cut
from beryllium sheet. Data ‘rom both tvpes of tests must be vsed with

caution, however, when designing structursl components in beryllium.

In general, mechanical property tests other than the standard ten-
sile test produce only cowparative data, unless the application happens
to be identical with the test. The resulting data are, therefore, of
most value for checking the effects of changes in purity, alloying,
process variables, etc., during material development. Although the data
may be useful in establishing material acceptance specifications, they
cannot be used for structural design. For instance, the bend test 1is
sometimes used to determine stress-strain relationships for the material
and also to deduce elongation in the thickness direction. It must be
understood, however, that data obtained in such a test are peculiar to
the particular stress system of the test, and cannot necessarily e

extrapolated to other conditions.

The standard tensile teat, on the other hand, will produce quanti-
tative data that can be used for design under certain circumstances.
Yield strength and tensile strength values and the stress-strain data
ave directly applicable, using standard design practices, to any Structure
where the material is in simple uniaxial tension, provided only thaf the
surface finish in the application is at least as good as tnat of the

test coupons.
MAB Action

It was considered appropriate tv the MAB that some attempt be made

to establish testing standards for beryllium which would recognize the




peculiarities of the material, and which would be generally acceptable.
Such action would provide useful guidance to those entering the field of
beryllium design, fabrication and use., It would alao make test data from
many sources directly comparable, and would provide the basis for stand-

ardizing improved methods es they become available,

To accomplish this end, a subcommittee of the Comnmittee on Beryllium
Metallurgy wes formed. A list cf subcommittee members is included in the
front of the report, The necessary information was obtained either di-
rectly from subcommittee members, from presentations by invited guests,

or by correspondence with aci:ive groups.

It was determined during the first meeting of the subcommitzee that
virtually no experience exists in the performance of many mechanical prop-
erty tests with beryllium. In most cases it is not known whether the
standard types of tests are suitable for beryllium, nor in most cases,
have alternative tests specifically for beryllium been devised. The ten-
sile test is an exception since considerable experience exists, altiough
opinions on the usefulness of conventional tensile test procedures, and
views on the manner in which such tests should be conducted, vary widely.
One of the consequences of the recognition of the limitations of the ten-
sile test has been interest in the bend test; but again, opinions on how

this test should be conducted, and on its value, vary widely.

Despite this situation there is, at this time, considerable agree-
ment on many general aspects of beryllium testing technique, such as the
measures that must be taken with respect to specimen preparation, certain
aspects of specimen geometry, requirements with respect to eccentricity
of loading, etc. It was, therefore, decided by the subcommittee that it
could most usefully attempt: a) to agree upon commen aspects of beryl-
lium testing technique, b) to '"standardize'" only the most basic tests
where some measure of acceptance and agreement has been reached, and c)
to present information explaining, for the designer, fabricator, and
quality inspector, the unusual characteristics of berylifum and the use-

fulness and limitations of the various tests,




JOPVE s s

This report is organized in accordance with this approach and a
brief discussion of the characteristics of beryllium has been presented
in this introduction. Section Z pregents recommended methods of prepar-
ing flat sheet and bar-type #-ecimens. The information is presented in
specification form, permitti 3 direct reference, since this was believed
to be of most value to potenti{ users. Some aspects of th> tests were
defined arbitrarily. No atte., c is made to justify the methods or to
present and compare alternatives, although the selections were made and
reviewed by individuals who have had considerable experience with beryl-
lium and with testing procedures in generai.

Section 3 gives some general testing techniques and practices which
have been found nec sary with beryllium while Section 4 gives details
of specific tests. The latter are again in specification form, for the
reasons given above. 3ection 4 also discusses the use and limitations

of each test.
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SECTION 2

Specimen Preparation

2,1 Ceneral

2.2

Ynen peryllium is machined, particularly wrought products, surface
damage is introduced in the form of twins, cracks and residual stresses.
Experlence shows that this damage has a detrimental effect on mechanical
preges-cies and can result in considerable variability of properties,
however, ciroful machining, combined with removal of damaged surface layers
by etcein, can result in test specimens which give consistent results,
Accoraing,iy, if test data from various sources are to be compared or used
intercnan;;eabiy, consistency in smecimen preparaticn is essential. This
section, tncrefore, describes general procedures recommended for use in

the preparation of any type of specimen from tlat sheet or round bar.

Details of machining practice, such as tool shapes and speeds, and
details of the procedures to be followed with respect to toxicity of the
material, will not be given here since they do not affect the specimen
performance. An exception is the statement of the need to use sharp,
carbide tipped *ools. Other details can be obtained from the beryllium
suppliers. Appendix A, however, does summarize scme safety precautions

that should be followed in handling beryllium.

Preparation of Sheet-Type Specimens

P Py )L Cut blanks from sheet with band saw, abrasive cut=-off wheel,
electrospark machining, or chemical milling., Deburr and round off
rough edges by sanding with 240 to 400 grit emery paper. Electro-
spark machining shall be used only for rough cutting, since it has

been found to cause machining damagc.,

2,2,2 Vhere necessary, parellel the edges of the specimens using a
milling machine, Tensile-Kut machine, or surface grinder. Specimens
may be stacked to a thickness not to exceed 1/4 in. for these

operations, Final cuts for paralleling should be in the sequence

0.010", 0.005", 0,003", 0.002".




1f pin-loaded or pin-located specimens are to be used, holes
shall be drilled and reamed at this time. Specimens need not be
fixtured individually for drilling, but precautions should be taken

to prevent breakout at the exit side of the hole.

2.2.3 Cut the reduced section on a milling machine, Tensile-Kut machine,

or router. Specimens should be stacked to a deptl of 1/4 in. or less.

The finishing sequence after 0,015" cuts should be 0,016", G.005",
0.002", 0.002", 0.001", Deepcr cuts are not recommended, but if made,

shouvld pe followed by the sequence given above.

2.2.4 Edges of the gage section shail be deturred and sanded with 24C-
400 grit paper. The direction cf sanding should be parallel tc the
loading axis,

2.2.5 Etch the specimens in one of the following solutions:

2.2,5.1 20% nitric acid by volume
17 sulfuric or hydrofluoric acid by volume
Balance - deionized water

0
Temperature - 80 to 90°F

oty

2.2.5.2 50 g. chromic oxide
25 ml HZSO4
450 ml orthophosphoric acid

Temperature - 100 to 212°F

At least 0.002", but no more than 0,004", should be removed from
each machined surface of the specimern, Ends should be masked before
etching., The etchant should be circulated., After removal from the
etching bath, the specimen should be rinsed in warm deionized water

and immediately dried with acetone or alcohol.

.. chromic ¢ ide and orthophosphuric acid at 250°F. For safety, cool to
ZOO?F before adding H,S0,. For use, the solution may be naintained at
2.2°F by a double boifer arrangement.

-~




2,2.5 Penetrant inspection and visual examination for ciracks or other
defects are to be made with a binocular microscope with a minimum
magnification of 15X. Depending on the severity of the defect, at-
tempts at repair can be made, but if necessary metal removal lowers
specification dimensions below permitted tolerances, the specimen
should be scrapped.

2.3 Preparation of Round Bar Specimens

2,3.1 Saw~cut or sbrasive-cut specimen blanks.

2.3.2 Place blanks in lathe chuck and remove excess material frem
half the length. Turn to a diameter approximately 0,010" greater
than the largest diameter of the finished specimen. Depth of :ut
shall not exceed (,100" and the final roughing cut shall not exceed
0.030". Remove blank from chuck, insert turned portion in collet,
and remove excess stock from other half, Face to length ard center
drill both ende (drill 1/8" deep max.).

Ze3.3 Mount between centers and rough in shoulders and gage section.
Final roughing cut on shoulders can be as high as 0.030". On gage
section, final roughing cut should not exceed 0.010",

2.0.4 Finish machine all diameters using the following sequence:
0.005", 0.002", 0,002", 0,001",

2.3.5 Etch in previously described solution to remove 0,004" vo 0,008"

from specimen diameter and examine for defecta in accordance with
2.2,6,
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SECTION 3

General Test Techniques

3.1 Specimen Size

In order to conserve material, test specimens of beryllium are
commonly made in relatively small sizes in comparison to those used in
other materials. Since there does appear to be an effect of size of
spacimen on the measured properties of beryllium, specimens having the
dimensions recommended in this report should be used for acceptance test~

ing end for gathering basic engineering data.

3.2 Strain Rate

3.2.1 At room temperature the testing rate should be adjusted to
produce an initial strain rate of 0.005 + 0.002 in/in/min. If the
ductility of the sample exceeds 5 per cent for the type of test
being performed, the strain rate on subsequent tests of similar
material may be gradually increased to 0.05 in/in/min +.01 after
either 0.6 per cent offset or 1.0 per cent total strain is reached.
Data obtained from tests in which failure occurs during the change

in strain rate should not be averaged.

3.2.2 For elevated temperature testing the initial strain rate should
be 0.005 + 0,002 in/in/min until a total strain of 0.0l in/in (1%)
is reached and should then be changed to 0.05 + 0.0l in/in/min,

Data obtained from tests in which failure occurs during .he change

in stra.. rate should not be averaged.

3.3 Methods of Strain Measurement
3.3.1 When materials properties involving the strain in the specimen

are required, the preferred strain measurement technique involves

one of the following:
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3.3.1.1 Resistance-type strain gages which have been honded tr the
specimen, using the gage manufacturers' racommended proced.res,
except that surface preparation should not inciude roughing or
scratching the specimen (see Section 2 for correct surface
preparation).

QRT  S

3.3.1.1.1 Prior to testing, verification of a good bond
between strain gage and specimen snould be made in
the folloving manner: with the specimen in position
for testing, slowly apply a load until the strain
gage (or gages) in the maximm strain direction reads
approximately 100 (25 in the case of precision elastic

TR L SRR T —

limit specimens) micro-inches per inch of strain.

Note the applied load. Reduce the load until the gage
reads 10 to 20 micro~inches per inch and again note
the load. Cycle the loading between these points just
determined three times. The strain gages cen be con-
sidered properly bonded if the following three condi-~
tions are met: a) the strain interval measured by

the gage under test i{s reproducible to within +2-1/2
4 in/in for at least three additional load cycles,

b) the strain readings are reproducible at the upper
and lower load points to within +2 u in/in, and c) the
strain readings ramain constant to within + 2 u in/in
at both the upper and lower load points when the load

i8 held constant at least 60 seconds.

3.3.1.2 Extensometers attached to the gage length of the specimen,
provided data obtained from tests in which failure occurs at the

point of attachment are ruled invalid.

3.3.1.2.1 Por modulus determination, ASTM Type A extenso-
meter should be used, For routine testing, ASTM Type B-1l or
' B~2 will suffice,




M—&ﬂ‘—— il R i atis e g

3.3.1.2.2 Extensometers vhich attach to the shoulders oi
the apecimen or measure only test machine head travel
or in other ways average strains outside the specimen
gage length should not be used.

3.3.1.3 oOptical or capacitance strain measuring devices which attach
to the specimen gage length, provided dats obtained from tests
in which failure occurs at the peint of attachment are ruled in-
valid.

3.3.2 Deflection messurements for the purpose of calculating average
strains in the 4-point bend test should be made on only the portion
of the sample being subjected to a uniform bending moment and in
areas sufficiently removed from points of load spplication to preve:t
localized effects from influencing the data.

3.3.2.1 For thin bend specimens (less than 0.050 inches) deflection
readings should be taken ir areas a minimum of 4 times specimen
thickness away from loading points, or by using the recomrended
deflectometer (Figure 6).

3.3.2,2 Verification of strains calculated from deflection readings
should be made periodically using a bend specimen instrumented
with strain gages on both the tensile and compressive surfaces.

3.3.3 Recommended procedure for making gage marks or scribe lines on
flat sheet material involves first applying a marking ink to the
specimen and then removing the ink at appropriate locations using a
0.001-i{n. radius scribe and the lightest pressure which will make a
clear mark. The gage mark should cover no more than the central one-
half of the sheet width. Scribe lines on round samples shall be made
80 that their axes correspond to the axis of the specimen. Measure-
ments, in this case, are from end of scribe line to end of scribe
line. Data obtained from test in which failure occurs at a scribe
line should be ruled invalid.

"
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3.4 Aligmment Procedure

In testing beryllium it ie necessary to be especially careful to
provide a uniiorin and well-defined strain distribution. Because of beryl-
lium's high modulus of elasticity, even a relatively small misalisnment
can result in the development of large stresses. 1In addition, stress
redistribution at the expense of plastic flow may exhaust an appreciable
fraction of the available ductility. Universal joints or other self-

aligning devices are useful but are not adequate substitutes for carefully
machined grips and specimens,

While it is recognized that a measure of the misalignment of each

and every specimen--through the use of strain gages or other strain measur-
ing devices--would be most desirable (especially in tension testing), the
practical result of such a recommendation would be that the cost of routine
testing would become prokibitively high, 1Instead, it is recommended that
the alignment of the specimen and the associated load transmitting devices
(uvrips, pull rods, etc.) be periodically checked by one of the techniques
which will be described. The number of such periodic inspections will de-
pend on the ultimate use of the data and the countrcl of sperimen and fix-
ture dimensions, but will certainly include an alignment check when changes

in machining practice or new grips or fixturcs are introduced.

3.4.1 The preferred method of checking machine alignment shall invelve
the use of an instrumented specimen using strain gages or optical
strain necwsuring devices capable of measuring the small strzain dif-
ferences due to misalignment, The maximum permissible deviation of
a singlc gage reading should be less than 5 per cent of the average

strain at a nominal stress level cf at least 4,000 psi.

3,4.1.1 Round specimens shall be aligned using at least three
sirain pages lccated at equal distances around the nase section
periphery, Gages may ve stajecved ir the axial direction if

necessary.,

3
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3.5

3.4.1.2 Flat sheet specimens shall be siigned front to back by
measurements on both faces and side to side by measurements on
both edges. Side to side strain measurements may be omitted
provided accurately positioned guide pins are used in the grip-
ping system.